Traditional laboratory tests for lead poisoning tend to fail in cases where a considerable interval has elapsed since exposure. We have used calcium ethylene-diamine-tetra-acetate (CaNa2EDTA) for the quantitative mobilization of lead for diagnostic purposes.
Traditional laboratory tests for lead poisoning tend to fail in cases where a considerable interval has elapsed since exposure. We have used calcium ethylene-diamine-tetra-acetate (CaNa2EDTA) for the quantitative mobilization of lead for diagnostic purposes.
In a control group of 50 individuals who had never worked with lead it was found that the average urinary excretion of lead in 24 hours amounted to 0-031 to 0 043 mg. The maximum value did not exceed 0-100 mg. After intravenous injection of CaNa2EDTA the amount of excreted lead rose considerably, but did not exceed 0-350 mg./24 hr.
In a group of 47 individuals who had formerly worked with lead or who were still engaged in this work but did not show any symptoms of poisoning, the urinary lead levels before injection were higher than in the control group. After injection of CaNa2EDTA the lead excretion in 24 hours increased considerably. After injection of CaNa2EDTA, patients suffering from chronic lead poisoning showed a considerable increase of urinary lead excretion, which attained the order of milligrams in 24 hours.
The fractionated examination of the urine of 10 unexposed individuals, undertaken at intervals of three hours, showed after injection of CaNa2EDTA no higher lead concentration than 0 500 mg./litre, the highest concentrations being observed six hours after injection. In the urine of individuals exposed to lead or suffering from lead poisoning a higher urinary lead concentration was found than in the control group, and the maximum was in these cases found at various time intervals.
It is concluded that the mobilization of lead may be of considerable value in the diagnosis of atypical cases of chronic lead poisoning, but the results can be evaluated only in association with the general clinical picture. (Rieders and Brieger, 1955; Teisinger and Srbova, 1956; Desoille, Albahary, Truhaut, and Boudene, 1957; Bastenier, Deslypere, and Mme. de Graef-Millet, 1957; Zahorski and Myslak, 1957) . The work described in the present paper was undertaken to measure the urinary lead excretion after administering CaNa2EDTA to normal and lead-exposed subjects, and to attempt to relate the amount of urinary lead excreted to the diagnosis of lead poisoning. 148 (1957) , in which the lead is precipitated as phosphate, dissolved in hydrochloric acid, and determined polarographically.
Results
The results are given in Table 1 . In both groups lead excretion was significantly increased following injection of CaNa2EDTA.
On the day after injection the urinary lead was also significantly increased compared with that of the day before injection, but did not attain such high values. In the group of 50 people not exposed to lead the urinary lead did not exceed 0-100 mg./24 hr. before injection and 0-350 mg./24 hr. after injection of CaNa2EDTA.
Most of those exposed to lead had discontinued work with lead for several months-in some cases several years; only eight were still engaged in this work. Some of these cases had been sent to the clinic for investigation as it was known that they had worked with lead; others were suffering from unrelated illnesses. None of these patients had symptoms or signs of classical lead poisoning; the usual laboratory tests gave no results indicative of lead poisoning.
It was first established whether the urinary lead in the specimen collected on the day before injection varied from the values found in the urine of the 50 unexposed individuals. On the day before injection there A-as in fact a significant difference between the two groups ( Table 1 ). The average value in the exposed group was within the confidence limits of 0-067 < x < 0-082 mg./24 hr., with a probability of 99%, the extreme values obtained being 0012 and 0-268 mg./24 hr.
The difference between the two groups was also significant on the day of injection. The average in those exposed lay with a probability of 99% within the confidence limits of 0-612 < x < 0-629 mg./24 hr., the extreme values being 0-166 and 3-212 mg./24 hr. On the day after injection there was also a significant difference between the two groups.
Thus it was proved that, following injection of CaNa2EDTA, the average lead excretion of people working with lead rose markedly in comparison with those not exposed to lead.
Thirty-five individuals of the group exposed to lead were then examined by laboratory tests; stippled erythrocyte counts, blood lead, and urinary porphyrins were determined. In 28 cases lead mobilization by CaNa2EDTA was positive; in the remaining seven cases lead mobilization was negative as the urinary lead values were below the limit of 0 350 mg./24 hr. In the group with positive lead mobilization urinary lead values varied from 0 415 to 3-21 mg./24 hr. Stippled erythrocytes exceeding 1,000 per million red cells were present in 50% of these cases; plumbaemia above 0-070 mg. % (this is the normal upper limit according to our polarographic method) was found in 50%. The increased plumbaemia, however, did not always correspond to an elevated lead level in the urine. The number of cases with increased porphyrinuria (the normal upper limit was considered to be 0-160 mg./24 hr.) was least, i.e., only 16 The group of 47 lead-exposed individuals were suffering from various conditions; eight had symptoms of arteriosclerosis, 12 had affections of the lung such as silicosis (including lead-miners), emphysema of the lung, and tuberculosis; others were suffering from neurosis and diseases of the liver. Only two cases were suffering from chronic lead poisoning. In several cases of patchy disseminated lesions of the central nervous system and in two cases of polyneuritis a connexion with lead poisoning was suspected. In all cases of arteriosclerosis, which was found in older patients only, we rejected a connexion with lead poisoning despite a positive result for mobilization.
Patients Suffering from Chronic Lead Poisoning In recent years, more than 120 patients suffering from chronic lead poisoning have been treated at the Occupational Diseases Clinic by means of CaNa2EDTA. In all cases a considerable amount of lead was excreted on the day of injection. In order to determine whether there is any relation between the degree of poisoning and the amount of lead excreted after the first injection, we selected at random 10 cases of more serious lead poisoning (as evidenced by anaemia, colic, severe subjective symptoms, and high values in laboratory tests) and 10 slight cases showing a fall in haemoglobin. The laboratory tests (stippled erythrocyte count, blood lead, and urinary porphyrins) gave positive results in all 20 cases. It was found that lead excretion was considerably increased in the severer cases, amounting to values from 6-2 to 15-2 mg./24 hr. In two cases, however, lead excretion attained only 1 36 and 1-74 mg., although clinically these two cases were as severe as the others.
In the group of slight or "laboratory" poisoning the urinary lead values varied around 2-5 mg./24 hr., but in two cases values as high as 7-32 and 8 92 mg. were found. These two individuals had no symptoms but all laboratory tests were definitely positive.
The degree of severity of lead poisoning seems therefore to be proportional to the urinary lead level after injection of CaNa2EDTA. This rule, however, is not without exception, and a mere evaluation of the result of the first injection alone is not sufficient to estimate the severity of the lead poisoning.
Lead Concentration Found by Fractionated
Investigation of Urine In all the above cases the absolute amount of urine excreted in 24 hours was determined, which was practicable as all the individuals were detained In 10 individuals who had never been exposed to lead and had normal liver function tests, the lead concentration in none of the specimens exceeded 0 500 mg./litre. The maximum concentration was usually found six hours after injection, sometimes after nine hours (Fig. 1) .
In four individuals who did not show any symptoms of lead poisoning but had formerly worked with lead, concentrations of 0 500 mg./litre and higher, up to 4-5 mg./litre, were found. The maximum concentrations were found at various time intervals (Fig. 2) . In view of the small number of cases it was not possible to evaluate the relation between the amount of lead determined and the time elapsed since the termination of exposure, nor the severity of the hazard. In seven patients with typical symptoms of chronic lead poisoning, higher urinary lead concentrations were found, irrespective of whether tea was given ---. (Fig. 3 ).
Discussion
The published data relating to normal lead content in human urine show considerable differences. In the U.S.A. a lead content of 0-01 to 0-08 mg./litre is considered normal (Kehoe, 1949) . The Commission for Lead Poisoning of the American Public Health Association stipulated in 1943 that a lead excretion exceeding 0 150 mg./litre of urine indicated exposure to lead (Waldman and Seideman, 1950) . In the U.S.S.R. values exceeding 006 mg./litre are considered as indicating slight poisoning (Lazarev, 1954) . In our opinion these differences are partly due to the use of different analytical techniques but there is also a real difference. Different living conditions, food supplies, different lead content in soil and vegetables, must be taken into consideration. Based upon our previous experience and the results given in this paper, we consider that in Czechoslovakia an amount of 0.100 mg. of lead in 24-hour urine is to be considered the highest normal value. On an average, however, the values are much lower, i.e., 0-031 to 0 043 mg./24 hr.
In the literature we could find few references to the absolute amount of lead excreted in 24 hours by normal individuals after injection of CaNa2EDTA. Hardy, Elkins, Ruotolo, Quinby, and Baker (1954) found in three control individuals after intravenous infusion an increase from 0 09 to 0-65 mg./24 hr. and less. Rieders and Brieger (1955) (Teisinger and Srbova, 1956 ) that intravenous infusion gives somewhat better results than intravenous injection, which, however, is better suited to current practice. An intravenous injection of 1 g. of CaNa2EDTA was given by Salvini (1955) body weight of CaNa2EDTA and determined the lead content in the urine three and six hours later. In 20 unexposed individuals the lead concentration in the urine after three hours did not exceed 0 300 mg./litre. In our group of 50 people we observed a maximum concentration of 0-390 mg./litre, but the apparent agreement between these two figures is probably fortuitous, because we determined th-total concentration in the urine after 24 hours and administered larger doses. In 10 further unexposed individuals we observed concentrations up to about 0 500 mg./litre not less than six hours after injection. This result was probably due to the larger dose of CaNa2EDTA than that given by Bastenier et al. It is of little importance whether the limit value is given as 0 300 mg./litre or 0 500 mg./litre as the small lead deposits thus revealed are not likely to be of clinical significance. As the urinary lead concentration depends to a large extent on diuresis, it might be advantageous to give one litre of tea to the fasting patient, Oral administration of CaNa2EDTA has also been employed for diagnostic purposes. Desoille et al. (1957) administered 4 g. in two portions and gave an upper limit in unexposed persons of 0 500 mg./litre. They found that the level of urinary lead was not so high as after intravenous administration. CaNa2EDTA is only slightly absorbed by the alimentary tract; Foreman and Trujillo (1954) found 4-2 2% absorbed, White (1953) found 15-455-°40, while we found an average of 2-6% to be absorbed (Srbova and Teisinger, 1957) .
The significance of diagnostic mobilization of lead may be considerable in cases in which latent saturnism is suspected, particularly in patients whose exposure to lead ceased some months or years ago.
In suich cases, diagnostic mobilization of lead may be a valuable aid to diagnosis: confirmation of the diagnosis is given by successful deleading treatment with CaNa2EDTA.
In manifest cases of chronic lead poisoning diagnostic mobilization of lead is unnecessary. The clinical picture and laboratory tests are sufficient. Lead mobilization is of importance in deciding the method of treatment. We agree with Bastenier et al. (1957) that mobilization is useful for the control of deleading treatment.
The magnitude of the lead deposit which manifests itself by increased excretion after injection of CaNa2EDTA is related to the severity of the clinical picture, but exceptions corresponding to individual susceptibility are encountered. The magnitude of the lead deposit in the human organism required to cause positive laboratory tests or definite symptoms of poisoning is not known. There is at present no method available for determination of this critical magnitude. In treatment by means of complexforming substances the lead is flushed out mainly from the parenchymatic organs. The effect of CaNa2EDTA probably consists of speeding the spontaneous transference of the Pb++ions from cells into intercellular fluid by a disturbance in the equilibrium of this system. A direct effect on lead bonds in the cells appears less likely (Teisinger, Zumanova, and Zezula, 1958; Teisinger, Lustinec, and Srbova, 1958) .
The question whether diagnostic mobilization of lead is of greater significance for the hygienist than biological tests cannot at present be answered as among our patients there were only a few who worked regularly with lead up to the time of examination.
The preparation BAL (2:3 dimercapto-propanol) has also been used for diagnostic mobilization of lead. Vigliani and Zurlo (1951) 
